Explanation of the Chart of the Nuclides

General

In this chart each experimentally observed nuclide is
represented by a square containing the symbol of the
element and the number of nucleons A. In the chart the
nuclides are arranged such that the proton number Z is
given on the ordinate and the neutron number N = A— Z on
the abscissa.

In the present nuclide chart update, the 1998 edition of the
Karlsruhe Nuclide Chart was compared to the NUBASE
2003 evaluation [16] to establish a list of nuclides which
were not present in the 1998 evaluation. From this list we
have selected only nuclides which have been measured
experimentally. In particular, nuclides were selected where
the half-life or the mass has been determined or the
nuclide has been clearly identified. Where a nuclide has
been identified but the half-life has not been measured, a
detection limit for half-life is given (greater or lower than a
value).

Metastable states, which do not undergo a-, or B-decay, or
spontaneous fission, i.e. decay only by gamma emission,
are included only if their half-life is larger than 1 s. Where
emission of a particle results from a resonance state in
unstable nuclides, both the resonance width and
corresponding half-life are given using the relations:

2
FemTy2=h1n2, Tyo(s)=4.562x 10 /T nm(MeV)

For mass numbers in the range A = 266 — 294 we have
used the latest 2005 (till August 12, 2005) Nuclear Data
Sheets revision [17]. For the period not covered by
NUBASE, i.e. 2003 until summer 2006, nuclide information
has been taken from Nuclear Data Sheets 100 — 107. In
addition, original publications up to summer 2006 were
taken into account. A full list of new and updated nuclides
in the present chart is given later in this brochure.

Atomic weights of the elements and isotopic abundances
have been taken from J. R. De Laeter [18]. For isomers
which decay exclusively by spontaneous fission, no decay
data is given in the chart. A table of half-lives (all less than
0.1 s), from B. Singh [19], are given in the brochure. Chain
yields are from R. W. Mills [20] and neutron cross sections
are from N. E. Holden [21].

Niiklit Tablosunun Ac¢iklamalari

Genel

Bu tabloda deneysel olarak gézlenmis her niklit, elementin
semboliini ve niikleon sayisini igeren bir kare ile gosterilmistir.
Tabloda proton sayilari Z, ordinat ekseninde ve nétron sayilar
N = A — Z ise apsis ekseninde olacak sekilde siralanmiglardir.

Bu nuklit tablosu gincellemesinde, 1998 d&lglimlerinde
olmayan nuklitlerin listesinin olusturulabilmesi igin Karlsruhe
Nuklit Tablosunun 1998 baskisi, NUBASE 2003 [16] dlglimleri
ile kargilastinimistir. Bu listeden, biz sadece deneysel olarak
Olglilen niklitleri sectik. Bilhassa yari-omri veya kutlesi
belilenmis ya da varlhgi agikga tespit edilmis nuklitler
secilmistir. NUklidin tespit edilip yari-6mrinun Olgtlmedigi
durumlarda ise yari-Omur igin bir 6lgim limiti verilmistir
(herhangi bir degerden buyiik veya kiiglk).

Yalnizca gama i1simasi ile bozunan, a-, veya -bozunmalarina
veya kendiliginden fisyona ugramayan metastabil haller, eger
yari-Omirleri 1 s.’den uzun ise dahil edilmislerdir. Parcacik
saliniminin kararsiz nuklitlerdeki bir rezonans halinden ileri
geldigi durumlarda, hem rezonans genisligi hem de karsilik
gelen yari-6mur su esitlikler kullanilarak verilmistir:

2
FemTy2=hln2,  Tya(s)=4.562x 10 /T n(MeV)

Kitle numaralari A = 266 — 294 olan nuklitler igin sonuncu (12
Agustos 2005’e kadar) 2005 Nuclear Data Sheets gbézden
gegirmesi [17] kullaniimistir. NUBASE’in kapsamadigi tarihler
icin - 2003’'ten 2006 yazina kadar - nuklit bilgileri Nuclear Data
Sheets 100 — 107°den alinmistir. Ek olarak, 2006 yazina kadar
olan 6zglin yayinlar da dikkate alinmistir. Simdiki tablodaki
yeni ve guncellenmis nuklitlerin tam listesi bu brosurde daha
sonra verilecektir.

Elementlerin atom agirliklari ve izotopik bulunma ylzdeleri J.
R. De Laeter [18]'den alinmistir. Yalnizca kendiliginden fisyon
ile bozunan izomerler icin tabloda bozunma bilgisi
verilmemistir. B. Singh [19]'ten alinan bir yari-émdrler tablosu
(hepsi 0.1 s’den az) brosilirde verilmigtir. Zincir verimleri R. W.
Mills [20]'ten ve noétron kesitleri de N. E. Holden [21]'den
alinmigtir.
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Decay Modes: Colour and Symbols

Bozunum Tiirleri: Renkler ve Semboller



Stable nuclide

Primordial radionuclides, i.e. those formed in the build-up
of terrestrial matter and still present today.

Decay modes are represented by specific colours.

p: Proton decay

o: Alpha decay

€: Electron capture

B*: Positron decay

ly: Isomeric transition

B: Negatron decay

sf: Spontaneous fission

ce: Cluster emission e. g. C 14, Ne 20
n: Neutron emission

The data given in the left part apply to the metastable state,

those in the right part to the ground state. Iy denotes y-

quanta due to the decay to the ground state of the same
nuclide (isomeric decay).

The assignment of decay properties to the metastable or
ground state is uncertain.

One or more short-lived states, for which only decay via
spontaneous fission has been observed (spontaneously
fissioning isomers) are indicated by a vertical green bar.

Emission of y-quanta; they are always listed together with Y
the respective parent nuclide.

Emission of the specified particles or spontaneous fission Bxp; pxn;
from an excited level of the daughter nuclide, populated via Bd; Bt;
p-decay (“B-delayed particle emission or fission”). o

Bxa; Psf
Simultaneous emission of two B-particles (“double B- 2B
decay’, e.g. Te 130 — Xe 130).
Emission of the specified particles from a particle-unstable p;n
nuclide. Simultaneous emission of two particles is indicated 2p; 20

only, if one-particle-emission is excluded for energetical
reasons (e.g. Be 6 — 2p).

Multiple Decay Modes and Branching Ratios

The branching ratios of the decay modes are indicated by 3
different sizes of the coloured sections and by the
sequence of the symbols. Pure decay modes are indicated
by a single colour (e.g. see previous section). Mixed decay
modes are indicated by the use of coloured triangles. A
small coloured triangle in the top left or bottom right
indicates a branching ratio for this mode of < 5%
(conversely, the major mode has a branching ratio of >
95%) as shown in the figure. The small triangles
representing proton or alpha emission are always on the
top left corner (first two boxes). The triangles for
emission or spontaneous fission are always at the bottom
right. Triangles representing €/f" or ly may be at the top left
or bottom right depending on the major mode. For ¢/f", the

Kararli niklit

Ezeli redyonuklitler; bunlar yerkireyle beraber olugan ve hala
var olan nuklitlerdir.

Bozunum tirleri belirli renklerle gosterilmistir.

p: Proton bozunumu

o Alfa bozunumu

¢: Elektron yakalanmasi

B*: Pozitron bozunumu

ly: Izomerik gegis

B": Negatron bozunumu

sf: Kendiliginden fisyon

ce: Kiime salinimi Orn. C 14, Ne 20
n: Notron salinimi

Sol kisimda verilen bilgiler metastabil hale, sag kisimda verilen
bilgiler ise niiklidin temel haline aittir. Iy ise ayni nuklidin bu
metastabil halden temel hale gegerken saldigi y-1sinini gosterir
(izomerik gegis)

Bozunum 6zelliklerinin metastabil hale veya temel hale tayini
belirsizdir.

Daha kisa émurli bir veya daha fazla, yalnizca kendiliginden
fisyon ile bozunan haller gbzlenmisse (kendilginden fisyon
yapan izomerler), bunlar dikey bir yesil cubukla gosterilir.

y-1sin1 salinimi; her zaman sézkonusu ana nuklitlerle birlikte
gosterilirler.

B-bozunmasi araciliiyla arttirilan, kiz niklidin uyariimis bir
halinden belli bir pargacik salinimi veya kendiliginden fisyon
(,gecikmis B pargacigi salinimi veya fisyon®).

Ayni anda iki B-pargacigi salinimi. (,Gift p-bozunumu®, Orn.
Te 130 — Xe 130).

Belirli pargaciklarin pargacik-kararsiz nukliten salinimi. Tek-
parcacik-salinimi enerjetik sebeplerden dolayr engellenirse,
yalnizca iki pargacigin ayni anda salinimi gésterilir. (Orn.
Be 6 — 2p).

Coklu Bozunum Tiirleri ve Dallanma Oranlari

Bozunum tirlerinin dallanma oranlar renkli kisimlarin 3 farkli
boyutuyla ve sembollerin sirasiyla gésterilmistir. Saf bozunum
sekilleri tek renkli kutulardir (bkz. 6nceki bdlim). Karisik
bozunum turleri renkli Gg¢genler kullanilarak gosterilmistir. Sol
Ust veya sag alttaki kiiglk, renkli bir iggen o bozunma turu igin
<5%’lik bir dallanma oranini gosterir (yani biylk oranl
bozunum = 95% orandadir). Proton veya alfa pargacigi
salinimini  gosteren kiiglik Uggenler her zaman sol Ust
késededir (ilk iki kutu). B~ -bozunumu veya kendiliginden fisyon
igin olan licgenler her zaman sag alttadir. €/f* veya ly i
gosteren Uggenler ise, baskin bozunma turtine bagli olarak sol
list veya sag altta olabilir. ¢/f" igin eger ana bozunma tiirii alfa
veya proton salinimi ise kirmizi Giggen sag alttadir.

Diger hallerde kirmizi lGggen sol st kdsededir. ly izomerik



red triangle is at the bottom right if the main mode is alpha
or proton emission.

Otherwise, the red triangle is at the top left corner. For
isomer transition ly, the white triangle is at the bottom right
if the main mode is o- or p- emission or ¢/f*, otherwise it is
at the top left corner. Cluster emission is always indicated
with a small triangle in the top right corner. Hence the
location of the small triangles is as follows:

gegis igin, ana bozunma tirli  a- veya p- bozunumu veya &/g"
ise beyaz liggen sag alttadir, diger hallerde sol Usttedir. Kime
salinimi her zaman sag Ust kdsede bir kiiglik i¢ggenle gosterilir.

Bunlara goére, kuguk Uggenlerin kutulardaki konumlari sdyle
olur:

If the branching ratio of the minor mode is in the range 5 —
50% (implying a branching ratio for the major mode in the
range 50 — 95%), the box is divided into two by a diagonal
connection the lower left and top right corners. The location
of the large triangles is similar to that described above.

In some cases, three decay modes are possible. Some
examples are shown below.

Au 184 m

Examples:

e+ B =100%

HO% =a--95%

HO%= e Q5%

1A Iy £} F4] [a]

Eger kiiglk dallanmanin orani % 5 — 50 araliginda ise ( biyuk
dallanmanin orani da % 50 — 95), sol alttan sag Uste ¢apraz bir
¢izgi ile ikiye bélunudr. Blyuk Gggenlerin yerleri Gstte
anlatilanlarla benzerdir.
Bazi durumlarda Ugli bozunum tipleri de mimkiindlr. Bazi
Ornekler agagida verilmistir.

AC 222 m Am 242 m Ac 226 Mo 254 Es 254 m

H4N

Ornekler:
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(e+B") = 95%
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The symbols for the particle emitting decay modes are
arranged according to branching ratio with the highest
branching ratio first, followed by y-quanta and
conversion electrons. The data for the isomeric decay
have been arranged corresponding to the branching
ratio of the decay mode. B-delayed particles or fission
(Bn, Bp, Bsf) precede or follow the y-quanta according to
the relative intensities.

For a given type of radiation the sequence of the
energies corresponds to the relative intensities (in
decreasing order) of the respective radiation. In case of
B-decay a slightly different rule is used (see below).

Points indicate further transitions of the same type with
lower intensities.

Energies are given in keV for y-quanta, in MeV for all
kinds of particles. A radiation symbol without energy
value indicates that the radiation occurs but the energy
has not been measured.

Endpoint energy of the most abundant B-transition. In
case further transitions with higher energies exist, the
second number corresponds to the hightest endpoint
energy observed.

B-transitions with known energies, for which the sum of
their abundances is less than 1%.

Electron capture is specified only, if it is more probable
than B’-decay.

Particle energies listed according to decreasing
probabilities of the respective transitions. At least one
energy is given, even if the abundance of the most
prominent group is less than 1%.

Energies of the strongest y-quanta arranged in order of
decreasing intensities. Intensities less than 1% are given
in brackets.

y-Energies followed by an asterisk denote transitions
after B-delayed particle emission.

Several y-quanta of unknown intensities within the

energy interval 291-1319 keV.

Conversion electrons are specified only if they are more
abundant than the y-quanta. Energies are not quoted.

Cross Sections
All cross sections are given in barn (107* cm?) and refer
to reactions with thermal neutrons (0.0253 eV).

Cross section for the (n, y) reaction. If two values are
given, the first refers to the formation of the product
nucleus in the metastable, the second to the formation in
the ground state.

Fission cross section

(n, p) cross section

(n, o) cross section
Absorption cross section

Additional Symbols and Abbreviations
Chain yield (%) for the thermal neutron fission of U235
(above) and Pu239 (below) the arrowed line.

Nuclides with a closed neutron or proton shell are
characterized by heavy horizontal or vertical lines.

The symbols “m” and/or “g” indicate that the metastable
and/or ground state of the daughter nuclide is populated,
respectively. The symbols are presented in order of
decreasing probability. Branches with probabilities less
than 5% are not shown. Subscripts on “m”, e.g. m;, m,
are used to denote different metastable states (with m,
being a higher energy state than m,).

Data or assignment uncertain.

Nanosecond, microsecond, millisecond, second, minute,
hour, day, year.

2.7 ...
B 1.2;19...

a 3.75,
4.43...
p 1.56

Bp 4.5

v 815; 1711...
v (1340)

v 815%

¥291-1319

Gf
Gap
Gn,a
G abs

ns, ps, ms, s,
m,h,d a

Pargacik salan bozunum tirleri igin olan semboller ilk olarak en
ylksek dallanma oranina sahip dallanmalara gore siralanirlar,
onlar y-kuantalari ve déniisiim elektronlar izler. izomerik
gegis icin olan veriler de bozunum tiriiniin dallanma oranina
gore siralanmiglardir. Gecikmis-p pargaciklari (Bn, Bp, Bsf)
veya fisyon, bagil yiuzdelerine gére y-kuantasindan énce veya
sonra gelecektir.

Verilen bir radyasyon turl icin enerjilerin sirasi, sézkonusu
radyasyonun bagil ylzdelerine goredir (azalan sirada). -
bozunumu durumunda ise biraz daha farkli bir kural
kullaniimaktadir (asagiya bakiniz).

Noktalar, ayni turler icin daha dislUk ylzdeli gegislerin de
oldugunu gosterir.

y-kuantalari igin enerjiler keV olarak, tim pargacik tirleri igin
ise MeV olarak verilmistir. Enerji degeri olmayan bir radyasyon
sembolu radyasyonun oldugunu fakat enerjisinin 6lgtilmedigini
gosterir.

Yuzdesi en yiksek pB-gegisinin maksimum enerjisi. Daha
ylksek enerjili baska gegisler olmasi durumunda, verilen ikinci
sayl gozlenen en ylksek maksimum enerji degerine karsilik
gelir.

Ortalama bulunma ytizdeleri % 1’den az olan ve enerjisi bilinen
B-gegisleri.

Elektron yakalanmasi yalnizca B-bozunmasindan daha olasi
ise gosterilir.
Pargacik enerjileri sézkonusu gegislerin azalan olasiliklarina

gore siralanmistir. En énemli grubun bollugu % 1’den az olsa
bile en azindan bir ener;ji verilir.

Azalan ylzde sirasinda dizilmis en gugli y-kuantalarinin
enerjileri. % 1'den az olanlar parantez igindedir.

Yildizla gosterilen y enerjileri gecikmis B pargaciklarinin
salinimlarindan sonraki gegisleri gosterir.

291-1319 keV arasindaki birka¢ siddeti bilinmeyen y-kuantasi.

Doéniisim elektronlari yalnizca y-kuantasindan daha ¢ok
bulunma ylizdesine sahipse gosterilir. Enerjieri belirtiimez.

Etkin Kesitler
Tim etkin kesitler barn (107 cm?) biriminde verilmistir ve
termal nétronlarla (0.0253 eV) yapilan reaksiyonlar igindir.

(n,y)-Reaksiyonu igin etkin kesit. Eger iki deger verilmigse ilki
Urin gekirdegin metastabil halinin olusumu, ikincisi ise temel
halin olusumu igindir.

Fisyon etkin kesiti.
(n, p)-reaksiyonu etkin kesiti

(n, a)-treaksiyonu etkin kesiti
Absorpsiyon etkin kesiti

Ek Semboller ve Kisaltmalar
U235in (Ustte) ve Pu239un
reaksiyonu igin (%) zincir verimi.

(altta) termal nétronlarla

Kapali nétron veya proton kabuklu niklitler kalin yatay veya
dikey cizgilerle karakterize edilir.

Sirasiyla ,m” velveya ,g” sembolleri, kiz nlklidin metastabil
ve/veya temel halinin olustugunu gostermektedir. Semboller
azalan olasilik sirasiyladirlar. % 5'ten az olasi dallanmalar
gosterilmemistir. m’nin indisleri Orn. my, m, farkli metastabil
halleri géstermek icin kullanilir (mz, msy’'den daha biylk enerji
hali olmak Uzere).

Veriler veya galisma kesin degildir.

Nanosaniye, Mikrosaniye, Millisaniye, Saniye, Dakika, Saat,
Giin, Yil.



Arrangement of Symbols and Data

Elements

symbol of the element
standard atomic weight based on C 12 = 12

absorption cross section for thermal neutrons (barn)

Stable Nuclides

symbol of the element, number of nucleons
abundance in naturally occuring element (atom %)

(n, y)-cross sections for the formation of the metastable
and the ground state of Te 127 by thermal neutrons (barn)

symbol of the element, number of nucleons

left hand side: half-life of metastable state;
y-energy (keV) of the isomeric transition

right hand side: abundance in the natural element (atom %)
(n, y)-cross sections for the thermal neutrons (barn)

Unstable Nuclides

symbol of the element, number of nucleons
half-life

modes of decay, endpoint energy of 3 -radiation (MeV)
y-energy (keV), conversion electrons,
(n, y)-cross section (barn)

symbol of the element, number of nucleons
half-lives

both states decay by electron capture; the metastable
state decays to the ground state
with a branching ratio for Iy in the range of 50% — 95%

symbol of the element, number of nucleons
left hand side: spontaneous fission isomer, T <0.1 s

right hand side: decay data of the ground state

“g” indicates that the daughter Pu 240g is formed to at least
95 %; a population of Pu 240m up to 5% cannot be
excluded

where emission of a particle results from a resonance
state in an unstable nucleus, both the resonance
width T (MeV) and the half-life T4, are given

Cd
112.41

Gabs 2520

Te 126
18.84

all12 +0.8

Sembollerin Dizilimi ve Veriler

Elementler

elementin sembolu
C 12 = 12 olarak alinan standart atom agirligi

termal nétronlar igin absorpsiyon etkin kesiti (barn)

Kararh Niiklitler

elementin semboli ve nikleon sayisi
dogada bulunan elementteki bollugu (Atom %)

Te 127’nin metastabil ve temel halinin olugsumu igin termal
nétronlarla (n,y) reaksiyonunun etkin kesiti (barn)

elementin semboli ve nikleon sayisi

sol kisim: metastabil halin yari-6mri;
izomerik gegis igin y-enerjisi (keV)

sag kisim: dogal elementteki bollugu (Atom %)
termal nétronlar igin (n, y)-etkin kesitleri (barn)

Kararsiz Niiklit

elementin adi ve nikleon sayisi
yar1-omur

bozunum tirleri, B~ bozunmasinin maksimum enerjisi (MeV)
y-enerjisi (keV), doniisim elektronlari,
(n, y)-etkin kesiti (barn)

elementin sembolu ve nikleon sayisi
yari-6murler

her iki hal de elektron yakalanmasi ile bozunur; metastabil hal
ly icin % 50 - % 95’lik bir dallanma oraniyla temel hale
bozunur.

elementin semboli ve nlkleon sayisi
sol kisim: kendiliginden fisyon izomeri, T <0.1 s

sag kisim: temel halin bozunma verileri
»g" , kiz nUklit Pu 240g’'nin en az % 95 olustugunu gosterir; %
5’lik Pu 240m popiilasyonu da dikkate alinmalidir

bir pargacik saliniminin kararsiz bir niklitteki rezonans
halinden geldigi durum, hem rezonans genigligi hemde "
(MeV) yari-6mdr T/, verilmigstir



